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(54) METHOD FOR PRODUCING TiO SINGLE CRYSTAL THIN RLM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a production technology of TiO single crystal thin film 
whose composition and structure are well controlled, because TiO is a non~ stoichiometric 
compound and has not been obtained as single crystal hitherto. 

SOLUTION: Ti is subjected to vacuum deposition on a MgO single crystal substrate and then the 
substrate is heated to produce TiO having a rock salt type crystal structure on MgO substrate and 
having metallic electric conductivity as a single crystal thin film. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A TiO single crystal film which has a halite type crystal structure, has metallic conductivity, 
and was formed of an interface reaction of Ti and MgO on a MgO monocrystal substrate. 
[Claim 2]A growing method of a TiO single crystal film carrying out internal diffusion of Ti which 
carried out vacuum deposition of Ti to up to a MgO monocrystal substrate, and was vapor^ 
deposited on a MgO monocrystal substrate through Mg replacement positions of MgO. 
[Claim 3]A growing method of a TiO single crystal film heating in a vacuum a back substrate which 
carried out vacuum deposition of Ti to up to a MgO monocrystal substrate to internal diffusion 
temperature of Ti. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a TiO single crystal film, the TiO single crystal film 

especially formed on a MgO monocrystal substrate, and its manufacturing method. 

[0002] 

[Description of the Prior Art]Although there are some stable phases in titanium oxide, it has the 
character where TiO has metallic conductivity in this and which was excellent as materials, such as 
high intensity and a high-melting point. TiO attracts attention also as a catalyst 
[0003]The method of forming the thin film of titanium oxide by the sputtering process which usually 
targeted the vacuum deposition method, the titanic acid, or the thing which used titanium oxide as 
the raw material is known. The method of processing the gas containing an organic titanium 
compound under the plasma generation by high frequency discharge, and forming titanic acid or a 
thing thin film on a magnesium oxide board is also publicly known (JP,4"219317,A, JP,6-340422.A). 
[0004] 

[Problem(s) to be Solved by the Invention]TiO is a nonstoichiometric compound and is not obtained 
as a single crystal until now. Therefore, the production technology of the TiO single crystal film by 
which a presentation and structure were often controlled is demanded strongly. 
[0005] 

[Means for Solving the Problem]This invention persons find out that a TiO single crystal film can be 
formed using an interface reaction between Ti vacuum evaporation film and the MgO~substrate 
surface, and provide a manufacturing method of a single crystal film of TiO on a MgO monocrystal 
substrate. 

[0006]That is, this invention is the TiO single crystal film which has a halite type crystal structure, 
has metallic conductivity, and was formed by internal diffusion reaction of Ti on a MgO monocrystal 
substrate. 

[0007]TiO shows electric conductivity based on metallic electronic structure which has a Fermi 
level in a conducting zone. Therefore, if a TiO single crystal film defined well is formed on MgO 
which is a transparent insulator, a use of a transparent electrode etc. is expected, for example. 
[0008]Internal diffusion of Ti vapory-deposited on a MgO monocrystal substrate in an interface 
reaction between Ti and MgO which were used for creating a single crystal film of TiO by this 
invention is carried out through Mg replacement positions of MgO. Internal diffusion of this Ti is 
activated by heat treatment of a substrate. 

[0009]In this invention, such an interface reaction mechanism was used, and it had the same halite 
type crystal structure as MgO, and a grating constant (4.1 8A) created a single crystal film of the 
almost same TiO as it (4.21 A) of MgO. 

[0010]This invention is a growing method of a TiO single crystal film heating in a vacuum a back 
substrate which carried out vacuum deposition of Ti to up to a MgO monocrystal substrate to 
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internal diffusion temperature of Ti. 

[001 1]What ♦***(ed) a single crystal of MgO in the atmosphere is used for a monocrystal substrate 
of MgO. As for a contamination layer on the MgO surface formed by contacting the atmosphere, 
since a TiO single crystal film is based on an interface reaction between TI and the MgO surface 
which were vapor-deposited, removing beforehand with the defecation technique is desirable. 
Although the vacuum deposition method of Ti itself can use a publicly known means, when heating a 
back substrate which carried out vacuum deposition to internal diffusion temperature, a room 
temperature may be sufficient as temperature of a monocrystal substrate of MgO. 
[001 2] Although about 800-1 OOOK are preferred as for temperature heated to internal diffusion 
temperature, when it carries out at temperature of 1000K, the best TiO single crystal film is 
obtained. Introduction of oxygen to a vacuum under heating at internal diffusion temperature 
degrades membraneous quality of a TiO single crystal film. Therefore, heating at internal diffusion 
temperature needs to be performed in a vacuum. 

[001 3]A TiO single crystal film formed by room temperature vacuum evaporation and same good TiO 
single crystal film are obtained without performing heating at internal diffusion temperature after 
vacuum evaporation, in vapor-depositIng Ti, maintaining substrate temperature to an elevated 
temperature of 500-800K. 
[0014] 

[Example]One or less example and the example of a graphic display of this invention explain in detail. 
The MgO monocrystal substrate ****(ed) and created the single crystal of MgO in the atmosphere. 
Although it became parallel [ the surface of a substrate ] to (001) at this time, this MgO (001) board 
was heated for 10 minutes by 1000K in the vacuum, and that surface was defecated. 
[0015]After preparing a MgO (GDI) monocrystal substrate, 10A vacuum deposition carried out Ti in 
the vacuum of 2x10 "^Torr using the vacuum evaporator which equipped the deposition source of Ti 
using electron impact mass spectrometry, maintaining substrate temperature at a room temperature. 
After this, the MgO (001) board which vapor-deposited Ti was heated at internal diffusion 
temperature for 10 minutes by 1000K in the same vacuum evaporator, and the TiO single crystal 
film was created. The interface reaction which vapor-deposited Ti diffuses inside a substrate 
through Mg replacement positions of MgO with heating at the internal diffusion temperature after Ti 
vacuum evaporation was promoted, and the good TiO single crystal film was obtained. 
[0016](a) of drawingj and (b) are the reflection-high-energy-electron-diffraction figures of the TiO 
single crystal film in which the reflection-high-energy-electron-diffraction figure from the MgO 
(001) surface, (c) of drawing h and (d) were obtained. 

[0017]As for the incidence-electron-beams direction in reflection high energy electron diffraction, 
[100] and (b) of drsLwrngJ, and (d of (a) of drawing 1 and (c)) are [110]. Although the reciprocal- 
lattice rod interval in the reflection-high-energy-electron-diffraction figure of drawing 1 shows that 
the single crystal film of 4.1 BA is growing in the grating constant in the surface corresponding to (c) 
of drawing 1, and (d), this is equivalent to the grating constant of TiO. 
[0018](c) of drawing 1 and the energy spectrum of the Li"^ impact collision ion scattering 
spectroscopy obtained on the surface corresponding to (d) are shown in dra wing 2. The energy 
spectrum of drawing 2 shows that the surface corresponding to (c) of drawingj and (d) is 
constituted from Ti and 0. That is, it is shown by by doing 10A vacuum evaporation of Ti in an 
ultrahigh vacuum on the MgO (001) surface of a room temperature, and heating the back substrate 
at internal diffusion temperature for 10 minutes by 1000K in an ultrahigh vacuum in a similar manner 
from drawing 1 and drawing 2 t hat the single crystal film of TiO was formed. 
[001 9]At this time, the orientation relationship between Uechi's TiO single crystal film and the MgO 
monocrystal substrate of a ground is TiO(001)//MgO (001) and TiO[100]//MgO [100]. As for 
formation of such a TiO single crystal film, the vacuum evaporation thickness of Ti was checked in 
the range of 10-100A. 
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[0020]Drawing__3 is the result of investigating the intensity of Ti of (c) of drawing 1. and TiO of the 
Li impact collision ion scattering spectroscopy observed on the surface corresponding to (d) in ^ 
[100] and the [110] directions as a function of the degree of incidence angle. In the spectrum of 
drawing 3, all peaks are explained by the focusing effect in the ion scattering which used the halite 
type crystal structure, and it is shown that the TiO single crystal film corresponding to (c) of 
drawin g 1 and (d) has a halite type crystal structure. 

[0021](c) of di:awing Land the spectrum of the metastable helium* atom deexcitation spectrum 
observed on the surface corresponding to (d) are shown in dr a wing 4. In drawing 4. it is shown that 
the outermost surface of a TiO single crystal film has metallic character from the sharp peak near a 
Fermi level. 

[0022]After preparing a MgO (001) monocrystal substrate like example 2 Example 1, Ti was vapor- 
deposited keeping substrate temperature at 500K. In this case, the TiO single crystal film formed by 
room temperature vacuum evaporation and the same good single crystal film were obtained, without 
performing heating at the internal diffusion temperature after vacuum evaporation. 



[Translation done.] 
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